Abstract
INTRODUCTION
Changes in land-use act on ecosystem processes and biogeochemical cycles, promoting habitat loss and local extinction of species, biological invasions, erosion processes and changes in primary productivity and hydrological cycles (Ellis et al. 2010) . In Brazil, approximately 5.4 million hectares are currently covered by forest plantations, 55% of it by eucalyptus (Brockerhoff et al. 2008) . The rapid expansion of commercial forestry (mainly Pinus, Acacia and Eucalyptus) is being encouraged by the state government as a means of rural development. Thus, a further increase in the area of commercial forest plantations in the next decade is likely (Brockerhoff et al. 2008) , increasing pressure on natural ecosystems. Tree plantations are established primarily in non-forest ecosystems (see Veldman et al. 2015b) , i.e. ecosystems that, in general, are poorly protected or where legally required protection has not been sufficiently implemented, despite high biodiversity and important ecosystem services of these systems (Overbeck et al. 2015) . For example, at present, only 1.48% of the original grassland area in the South Brazilian state of Rio Grande do Sul is protected in conservation units (Brandão et al. 2007) , and more than 50% has already been lost to conversion to other uses (Overbeck et al. 2015) .
Grasslands in southeastern South America, the Rio de la Plata grasslands (Soriano 1992) , of natural origin and considered to be old growth grasslands (Veldman et al. 2015a) recently are being intensively converted to other land uses, including tree plantations (Brockerhoff et al. 2008; Cordeiro and Hasenack 2009; Vega et al. 2009 ). This has consequences for many features of the affected landscapes. Effects have been addressed, so far, only in a rather small number of studies. For instance, afforestation leads to clear changes in the herbaceous plant community where plantings occur that becomes reduced in species richness and plant cover (Six et al. 2014 (Six et al. , 2016 ; these effects obviously increase with plantation age and density. Also, tree plantations can affect plant communities on adjacent non-planted sites (Saraiva and Souza 2012) . Furthermore, changes in soil fertility (Céspedes-Payret et al. 2012) , C and N stocks (Berthrong et al. 2009 ) and water chemistry in creeks (Farley et al. 2008) can occur. Direction and magnitude of these changes depend on several factors, such as climatic features of the region or identity of planted tree species.
So far, the question of how to restore these areas after plantation use has not been addressed, even though restoration of degraded areas becomes necessary due to legal requirements and because of conservation aims, i.e. the Aichi targets (The Strategic Plan for Biodiversity 2011-20; Overbeck et al. 2013) . Ecological restoration does not only contribute to biodiversity conservation but also to the maintenance of important ecological services to humanity. However, restoration studies still are scarce in Brazil for grasslands in general (Le Stradic et al. 2014; Overbeck and Müller 2017) . Likewise, in the South Brazilian grassland region, restoration of degraded grasslands has not been considered priority, despite legal obligations (Overbeck et al. 2013) . Studies conducted in grasslands in other southern hemisphere grasslands have shown contrasting results: while some studies were promising from a conservation perspective (Fensham et al. 2016) , in other cases full recovery of the vegetation was not possible (Tognetti et al. 2010; Zaloumis and Bond 2011) . Likely, these differences are consequence of factors such as productivity level and soil conditions, as well as of remnant grassland composition in the surroundings (Overbeck and Müller 2017) .
In view of the scarcity of restoration studies of grasslands on the one hand and of the legal requirements for restoration on the other hand, knowledge about the potential of spontaneous vegetation recovery at the local scale is important. This information can help to assess the need for active restoration and to decide on the necessary techniques and their development: In the best case, no or very few restoration activities are necessary. In this study, we aim at analyzing composition and structure of grassland vegetation with a history of eucalypt plantations, to assess recovery potential and restoration need of these areas. Our references are primary natural grasslands that have not seen any land-use change. We hypothesized that areas with history of eucalypt would differ from reference grasslands in terms of floristic and functional composition and would present lower species richness.
MATERIALS AND METHODS

Study region
Our study region comprised four sites in the southeastern part of the Brazilian Pampa, in the coastal plain in the extreme south of Brazil (municipalities of Pedro Osório, Capão do Leão and Pelotas). Climate is temperate, with cold winters and hot summer without rainy season (Cfa according to the KoppenGeiger classification; Alvares et al. 2013) . Topography is slightly rolling (average height ± 30 m a. s. l.), and soils are deep and nutrient-poor clay soils (Streck et al. 2008) . Grasslands are the dominating vegetation physiognomy in the region.
Sampling design and data collection
The study was conducted at four sites (blocks), each consisting of two areas with history of eucalypt plantations (with and without regrowth of eucalypt, i.e. secondary grassland with and without eucalypt trees) and of a natural (primary) grassland as reference area. Per site, these areas were situated at a maximum distance of 3 km to each other, i.e. minimizing soil differences among treatments, and were considered as a block. Total area of each site varied from 35 to 220 hectares, and distance between blocks was approximately 20 km. Posteucalypt grassland (PEG) developed after plantation of eucalypt for approximately 50 years , i.e. for a period of 12 years before our sampling, at all sites. Trees had been planted with distances of approximately 2 m between them, as could be observed from the cut tree trunks that remained in the area. After cutting of trees, sites were left for spontaneous recovery without any active restoration measures and were subjected to low-intensity grazing. Fire was used as an additional management tool to reduce excess biomass not consumed by grazers (personal communication by property owners). In areas with eucalypt regrowth (ERG), resprouting trees (distance between trees: 2 m) reached 3 m in height. Thus, the area can still be characterized as secondary grasslands as no dense canopy cover exists. At these sites, management is not standardized (different intensities of grazing), and cutting of twigs is not fully realized. Primary grasslands (PG) have no afforestation history and have been submitted to livestock management with an intermediate stocking rate for decades.
Vegetation data
Species composition data were obtained in 20 plots of 1 m 2 per area, totalized 240 sampled plots, distributed randomly. In each plot, we identified all vascular plant species and estimated their cover according to the Londo (1976) scale. Additionally, we recorded vegetation height (measured at five points), percentage of plant litter (excluding eucalypt leaves), litter of eucalypt, cattle manure and exposed soil. Vegetation parameters were calculated according to Muller-Dombois and Ellenberg (1974) : relative cover (RC), relative frequency (RF) and importance value index (IVI).
Species were classified regarding their origin (native/exotic; Rolim et al. 2014) . Extinction risk of species was checked in the current Red List for the state (Rio Grande do Sul 2014). Plants were classified into life forms using a classification by Ferreira (2014) , with 12 growth form classes: solitary evergreen tussocks (SET), stoloniferous evergreens (SE), rhizomatous evergreens (RE), evergreen subshrubs (ESS), decumbent evergreens (DE), evergreen forbs (EF), connected evergreen tussocks (CET), prostate rosette evergreens (PRE), erect rosette evergreens (ERE), therophytes (TH), bulbous geophytes (BG), evergreen shrubs (ES).
Data analysis
For all analyses, we pooled the plot data to the paddock level (i.e. treatment per site). General patterns of species composition of the sites were explored by principal coordinate analysis (PCoA), using the matrix of species mean cover per site. Only species with IVI above 1% were included in the ordination analysis. For the analysis of functional composition, we also conducted a PCoA, with species classified into the 12 life forms mentioned above. Additionally, we compared mean cover values of the two most important botanical families, Asteraceae and Poaceae, the latter divided into prostrate and tussock species. Treatments were also compared by randomization tests regarding, separately, vegetation height, total vegetation cover, bare soil, litter and manure. We used Euclidian distance for univariate analyses and chord distance for multivariate analyses, 999 permutations, and α = 0.05 as probability limit for rejection of null hypothesis. To avoid false discoveries due to multiple comparisons, we performed the Benjamini-Hochberg correction (Benjamini and Hochberg 1995) , using 0.10 as critical value for the false discovery rate. Site was used as block factor in all analyses. Analyses were performed using the software MULTIV (available at http://ecoqua.ecologia.ufrgs.br/). To test the preference of species and functional composition to reference grasslands, to sites with history of eucalyptus plantations and to combination of sites, we applied indicator species analysis (Dufrene and Legendre 1997) , using function 'indicspecies' of the R package 'multipatt,' based on the 'correlation index (r) ' (De Cáceres et al. 2010) .
RESULTS
Vegetation description
Overall, 281 plant species were identified in the study. The most important families in terms of species numbers were Poaceae (64 species), Asteraceae (59), Cyperaceae (20) and Fabaceae (12), together constituting 55% of all species. In areas with ERG phase and PEG, we recorded 188 species (111 forbs, 30 shrubs, 45 grasses and 2 ferns) and 225 species (147 forbs, 22 shrubs, 55 grasses, 1 fern), respectively. In contrast, in PG areas without afforestation history (PG), we identified 183 species (115 forbs, 8 shrubs, 55 grasses).
Vegetation of PG was dominated by prostrate grasses such as Paspalum notatum and Axonopus affinis, with a summed value 39% of RC in this physiognomy. In PEG, Eryngium horridum and P. notatum were the most important species, summing 19% of RC. In ERG areas, tussock grasses such as Saccharum angustifolium and Piptochaetium montevidense showed the highest RC (16%). Both species richness and vegetation cover had higher mean values in PG than in ERG but did not differ from PEG (Fig. 1) . Of the species sampled, 15 were exotic, and total cover of exotic species was significantly higher in PEG and ERG when compared with PG (P = 0.05). In the 240 sampled plots, only one species included in the list of endangered species was recorded: Gomphrena sellowiana (Amaranthaceae), found in PEG at one site. The PCoA ordination reflected compositional differences in herbaceous communities between PG and former plantation areas (PEG and ERG), with PG to the right and eucalyptus areas to the left but with considerable overlap. The first and second axes of the PCoA with species composition data together explained 78% of the variation in the vegetation composition (Fig. 2A) . The first axis separated sites with high cover of P. notatum (0.86 correlation to the axis) and A. affinis Both using floristic and functional composition (all species with IVI > 1), PG differed significantly from the other two vegetation types in multivariate randomization tests. Cover of tussock grasses was significantly higher for PG, while cover or prostrate grasses and Asteraceae were significantly lower than in ERG and PEG. Vegetation cover, vegetation height and bare soil differed significantly between treatments (P < 0.05; Table 1 ).
From the 49 species (IVI > 1%) included in indicator species analysis, 37 species were selected (P < 0.05), 25 species associated to one group and 12 species associated to two groups (see online Appendix for complete list). Nine species were selected as indicative of both grasslands with history of tree plantation (ERG and PEG), and four of them had correlation intensity values above 40%: S. angustifolium (r = 0.43; P = 0.00), B. dracunculifolia (r = 0.42; P = 0.00), Chromolaena ascendens (r = 0.41; P = 0.00), E. horridum (r = 0.40; P = 0.00). Two species were indicative for ERG, with E. mollis having the highest correlation value (r = 0.30; P = 0.00). For PEG, four indicator species were found, one of them the exotic grass Eragrostis plana (r = 0.24; P = 0.00). For PG, a total of 19 species were selected, 9 species showed values above 40%, such as P. notatum (r = 0.54; P = 0.00) and A. affinis (r = 0.45; P = 0.00). Additionally, three species were selected as indicative for PG and PEG, and the species with the highest intensity correlation was Andropogon lateralis (r = 0.38; P = 0.00). In the indicator species analyses based on life forms, we noted the preference of ERE (r = 067; P = 0.03) to PEG and of SE (r = 0.93; P = 0.00) and RE (r = 0.82; P = 0.01) for PG. Three life forms were selected as indicative for ERG and PEG, with high indicator values: ES (r = 0.72; P = 0.02), ESS (r = 0.70; P = 0.04) and SET (r = 0.65; P = 0.05). EF were indicative for the combination of PEG and PG (r = 0.73; P = 0.03). 
DISCUSSION
With more than half of the areas of the Pampa grasslands biome in Brazil now converted into plantations (Cordeiro and Hasenack 2009) , including afforestation (Brockerhoff et al. 2008) , studies on vegetation recovery and restoration potential of grasslands are urgent if losses in biodiversity and ecosystem services are to be avoided and if legal requirements for restoration are to be met (MMA 2015) . Until now, information on the effects of eucalypt plantations on grassland (Saraiva and Souza 2012) and, especially, information on vegetation development after use for tree plantations is scarce to inexistent, despite growing concern with restoration of degraded grasslands (Overbeck et al. 2013) . Our study represents a first step to fill this gap. Our results indicate that for our study region, grassland areas that had been used for tree plantations do have the potential to develop to grassland, even after long periods of afforestation, but that structure and composition of these plant communities differ considerably from that of PG sites. Zaloumis and Bond (2011) , in their comparison of restored and PGs in South Africa, observed strong differences in species richness between both types of community and especially evidenced losses of long-lived, resprouting forbs in vegetation with a history of other land uses. In our study, areas with history of eucalyptus differed from PGs in terms of physical vegetation structure: higher vegetation and more open soil characterized recovered grasslands. Areas also differed in terms of abundance patterns, but not in terms of species richness, even though richness was lower in sites with resprouting eucalyptus. We found increasing dominance of shrubs and tussock grasses in areas with afforestation history, in contrast to PG characterized by prostrate grasses. Higher cover of ruderal and exotic species in general, including the invasive grass E. plana, as well of the disturbance specialist E. horridum (Fidelis et al. 2008) in PEG and ERG indicated the degradation caused by tree plantations, just as has been observed for oldfield succession in the Argentinian Pampa (Tognetti et al. 2010) . This variation between the floristic composition of primary and secondary grassland may partially be attributed to afforestation induced changes, especially changes of soil characteristics (Céspedes-Payret et al. 2012; Wallace and Good 1995) . Quite obviously, areas where eucalypt could resprout showed highest degrees of degradation, evidenced by high cover of eucalypt litter and open soil.
While the indicator species analyses pointed out considerable contrasts in terms of composition, we did not identify losses in richness or of species from a particular functional group, as found by Zaloumis and Bond (2011) . This may be a result of the specific situation of our study region: grasslands in the South Brazilian coastal region show rather low rates of endemism and are mostly composed of generalist species. According to Boldrini (2009) , only six endemic species are found in the entire coastal grassland region, while for subtropical highland grasslands in the north of RS, for instance, numbers are much higher (296; Iganci et al. 2011) . Thus, in our system, the number of species with restricted distribution and with poor dispersal ability should be lower, and differences between treatments were more pronounced regarding mean cover of species and of any particular functional group. More studies in other regions of the Campos Sulinos are needed to assess whether species with more restricted distribution patterns can recolonize original grassland areas after land-use change. Most likely, grasslands with high endemism rates or higher presence of specialist species will be less likely to recover their composition (see also Veldman et al. 2015b) .
The ordination analysis showed the high dispersion of the sampling sites with a history of eucalyptus plantings, particularly PEG areas, in ordination space, indicating considerable heterogeneity of plots and areas of this group: some sites had considerable similarity, in terms of floristic and functional composition, to the reference areas, while others Different letters represent significant differences between treatments (P < 0.05). P-value was adjusted to control for false discovery rate (Benjamini-Hochberg 1995) .
differed greatly. This heterogeneity among sites most likely is related to differences in management regimes after cutting of eucalypt trees, which lead to different trajectories of vegetation development. The importance of grazing and fire as management tools in grassland restoration has been shown for the North American prairie (Fuhlendorf et al. 2006) . Both factors are of high importance for maintenance of grasslands and their diversity under productive climatic conditions (Altesor et al. 2005; Milchunas et al. 1988; Overbeck et al. 2005 ) and contribute to patch heterogeneity and environmental functionality (Fuhlendorf and Engle 2001) . Nonetheless, use of these 'disturbances' for conservation is still considered as a taboo in Brazil (Overbeck et al. 2016; Pillar and Vélez 2010) . For our study, no control sites without grazing or fire were available, and we also were not able to quantify management intensities. However, the fact that some of the PEG sites, under management, developed into a grassland with considerable similarities to PG conditions, including high cover of prostrate grasses, indicates that grazing and fire can have positive effects on vegetation recovery, likely due to the reduction of dominance of few species (Overbeck et al. 2005) , as well as by the transport of seeds by animals (Traba et al. 2003) , and the use of these disturbances for restoration and conservation in the region should thus be studied in more detail (Overbeck et al. 2018) . Despite the differences evidenced between PG and areas with a history of eucalypt plantations after a period of more than 10 years, our results are good news for grassland conservation as they indicate that recovery seems possible in principle. While we did not specifically address the role of grazing or fire for grassland restoration in our region, further studies should explicitly analyze the effects of different management types and intensities for the restoration of degraded grasslands. Experimental approaches seem especially important, as well as more detailed studies on specific effects of grazing, e.g. on dispersal and establishment processes. At any rate, given the differences pointed out by the indicator species analyses, the introduction of seeds and the control of exotic species seem to be important steps for grassland restoration has been pointed out elsewhere (Tognetti et al. 2010) . Additionally, long term studies can be expected to provide important information for restoration studies but also on sites under management that did not experience degradation (Altesor et al. 1998) .
Given the scarcity of studies on vegetation recovery in the Campos Sulinos region, we certainly need to be cautious to extrapolate our results to sites under different condition (e.g. different soil types, differences in chemical or physical soil properties or higher changes of these due to past land-use change) or after different types of degradation. It seems likely, for instance, that afforestation with pine trees will not allow recovery in the magnitude as shown here, due to the accumulation of pine litter. Recovery of grassland after eucalypt planting may also be different in regions with higher species richness, more rare species or higher endemism, where the plant community may not easily develop to high similarity to that of reference grasslands. Past plantation management, e.g. tree density and length of plantation cycles, may be additional factors that influence recovery or restoration success (Six et al. 2014) . More studies on vegetation recovery after degradation are needed in different grassland types, after different types of degradation and in different regions of the Pampa biome to establish a sound scientific basis for grassland restoration.
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